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ABSTRACT

The effect of guanidinium salts on the stability of botulinum toxin
and the mechanisms through which denaturation by these salts occurs is
describad. Some se'ts ave effective in reducing toxicity at low concen=
trations; in orthers, roxicity i{s retained even in saturated gsolutionm.

The naturs of the latecaction is complex, fnvolring more than a change

in folding or conformation. The hypothesis that salt solutions with high
thermodynamiec wate:r wciivity labilize the hydrogen-bonded structure of the
protein is shown to Be invalid. Also shown te be fnapplicable is the
hypothesis that « “irect sffect of the anion on the guanidinfum cation
leads to 2 reductix: ot its thermodynamic activity and abilicy to break
hydrogen bonds. T .. protective mechanism appears to operate via binding
of sniona across = stars of cationic sites on the charged protein to
preserve spatial configurations and charge distributions.




EFFECT OP GUANIDINIUM SALTS ON THE TOXICITY OF BOTULINIM xOXIN

The nature of the mechanism through which urea and guanidinium saltas
denature proteins has been the subject of continuing investigation, and
uost recently a solubﬂi:tngl sction on hydrophabic groups has been proposed
as the responsible proparty.'*® 1In these studies, guanidinium chloride
has been the sait almost universally selected. There is cvldenced howaver,
that all guanidinium salts are not equally effective. Greenstein’ vsported
that, although guinidinium chloride 1ltberated ticratable sulfhydryl groups
from ovalbumin, the sulfata, zcetate, and carbonate salts did not., This
difference led us to examine the effect of a sarfea of guanidianium sales
of various anicns upon the biological activity and structura of botulinum
toxin, type A. We find that a specific anion effect is indeed involved
! in the action of guanidinium galts.

The salts ware propared from gusnidinium carbonate and the desired
acid dy doubis displacement and thefr purity was checked by micro-Kjsldsh!.
The inactivations were carried out by adding 0.10 milliliter of crystalls:.
botulinum toxin, type A, at a concontration of four mizrograms per milliliter
in pH 3.8, 0.05 M acsetate buffer to each of a serien of tubes containing
10.0 sillflitars of a guanidine salt of known concentration, mixing gently,
and allowing the mixture to stand overnight at cvoom temperature. Ths alx-
tures were at pi 6.5 to 7, on the alkaline side of the protain fscelectric
point., Toxicitias wers datermined by bloasssay.” Controls of protein-free
guanidinium salts exhibited no toxicity to mice* at the dilutions used for
the toxin assay.

Tabls 1 shous the inactivation of botulinum toxin by several salts,
including guanidinium chloride and urea as reference comparisons. The
wmost striking observation is the wide variation obtained, a difference
of some fortyfold at the extremes. More than half of the salts tcated
were more effective denaturants than guanidinium chloride; on the other
hand, complete stadility of the toxin was found i{n saturated solutions
of several others. No explanation is presently available for the differ-
ence betwveen meso- and D,L-tartrate and between the two phosphates that
might be expected to equilibrate to nearly ldentical composition.

The nature of the interaction is complex, involving much more than a
change in folding or conformation. In 1 M guanidinium chloride, the toxin
retained its toxicity and was homogeneous in the ultracentrifuge with an
unchanged value of 855 .. In 2 M guanidinium chloride the toxicity was
destroyed and three peldks were observed in the ultracentrifuge. In 4 M
guanidinium sulfate, on the other hand, toxicity was retained and only
one peak with an unaltered sedimentation constant was found in the ultra-
centrifuge.

* In conducting the research reported herein the investigators adhered to
“"Principles of Laboratory Animal Carc™ as established by the National
Society for Medical Research.
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TABLE I, INACTIVATION OF BOTULINUM TOXIN BY GUANTDINIUM SALTS

Anion of Guanidinium Salt

Concentration for 50% Inhibition, M

Benzoate 0.1
Meso-Tartrate <t
Phthalate <1l
Thiocyanate 0.7%
Mouchydrogenphosphate (HPO,™) 0.88/
Fluoride 8.9
Clutarste 0.9
Acatats 0.9
Malonats 0.9
Citrats 1. 25
Fumarate 1.4
Chlorids 2.0
D,L-Tartrate 2.25
Malace 3a
Succinate ).
Oxslata >
Dihydrogenphosphate (H,P0,") >3.68/
Sulfste >4
Urea (3

8. Saturated golution.

Although some of the salts are out of line, notably clitrate, & reason-
able correlation was cbserved when the salt comcentration causing 50 per
cent reduction in toxicity was plotted against available values of tha
free snergy or enthalpy of hydratican of the anicns (benzoata, thlocyanate,
acatate, chlorfde, and succinate) oragainst the free energy of formation
of the fons from the elements. All of these parameters are known to be
linearly proportional to the lyotropic numbers.® Lyotropic action has
been pictured” "as z matter of cowpetition between the dissolved salt and
the macromolecular component towards water." According to thia mechanism,
an alteration of the hydration state at a hydrophilic junction point in a
protein will result in a free energy change, the sign and magnitude of
vhich will govern the physico-chemical or blological changes assoclated
with the lyotroptc series. A similar concept was employed by Harrington
and Schellman’ to explain the ability of certain salts (e.g. Li3dr) to
enhance protein stability. They proposed that solutions of salts with
high activity coefficients, and correspondingly grecatly reduced water
activity, tend to cause a maximum number of intramolecular hydragen
bonds to form in & protein. Conversely, salts with low activity coeffi-
cients and a high water activity shovld tend to labilize the hydrngen-
bonded structure of a protein and decreage its stabflity. This hypothesis
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result was obtained, botuiinum toxin being more stable in solutions of
guanidiolum salts with low activity coefficlents.

n alternative and core satlsfactory explanation for the specific
anfion effect is based on anion binding to the protain mﬂecnle‘ Such
binding is voluminously documented; Scatchard's studies” with serun
albunin are psrticularly pertinent. The anions of & seriss of salts
with & ccnum cstion vars shown to bind according to a lyotroplc series.
Boyer gt 81’’° showed that anfon binding could incresse protein stability.
Langtheaning the carbon chain from acetate to caprylate progressively
augnented the atabiliiy of serum albumin against thermal, urea, and
guaniding denaturation. Their data demoustrated that tha stabilization
was 3 function of the size and structurs of ths anfon and ths amvunt
bound. However, it should be emphasized that there is oo 3 priori vesson
for anion binding to protect a protuin; indeed, caprylate was shown to
labilize savaral proteins. Banxzcate has 2 sfmilar effect on botulinua
toxin; the sodium salt [nactivated at the sams concentratfon se the
guanidinfum sale. The sechznism of protection afforded dotulinua toxin
by anion binding Ls obviocusly then only coanjecturs. g:aumlc side chains
certainly participate {n this binding, either stngly’’ or in cluster,'?
and it {s perhaps significant that charged lyoine groups are assential
for the ratention of toxicity. The anion may preserve tha spatial
chargs interrelationships of ths active toxin,

One additional explanation may be lnvoked to explain the present data,
This i3 a direct affect of the anfon upon the gusnidiniua cacfon leading
to 8 rveduction in its therzodynamic activity., Reduced activity coefficients
in concentrated solutions are attributed sither to the formation of en ton-
pair ur a complex fon.'® Aside from che fact that thare is no reasom to
sasuze these forzma sre {nixctive as denaturants, we believe that this mecha-
nism i3 not operative. Exaxainavrion af tables of acrivicy coefficients of
the sodium and potassium salts of some of these anfcms, (e.g. thiccyanate,
fluoride, and acetate) veveals that the differences are not sufficlent to
account for the effects cbserved. GCrzensteln's observatiom® that guatidinium
acetate did not denature ovaldbuain provides further evidence, aince sodium
and potassium acetate have hizher activity coefficients than the respective
chlorides.
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